RNA was extracted from oviduct, shell gland, and liver of chicks treated with diethylstilbestrol and a combination of diethylstilbestrol and progesterone. Preparations containing 500 or 2500 ug of RNA were put in the oviductal lumen of diethylstilbestrol-treated chicks for 24 hr, and the avidin content of the oviduct was determined by measurement of [14C]biotin binding.
One of the early effects of sex steroids on target organs of mammals is stimulation of nuclear RNA synthesis (1); this effect is blocked by the administration of actinomycin D (2) . This phenomenon suggests that hormonally active steroids facilitate the transcription of genetic information. Segal et al. (3) presented evidence for an RNA fraction that could be administered to animals to mimic the events induced by the hormone. They introduced a method to test the biological activity of such RNA preparations by observing morphologic changes in the uterine epithelium of rats in vivo. Subsequently, there have been other reports demonstrating that RNA preparations obtained from estrogen-stimulated uteri can induce hypertrophy of epithelial cells (4) , can increase alkaline phosphatase activity (5) , and can accelerate uterine protein synthesis (6) . It should be noted, however, that uterine RNA can contain significant amounts of estrogen (7, 8) . The presence of estrogen in the RNA fraction can interfere with the determination of the estrogen-mimetic activity of uterine RNA.
Because of the presence of significant amounts of estrogen in rat uterine RNA it was deemed necessary to study another system. To establish whether hormone-induced RNA acts as a messenger or template for translation, it would be advantageous to analyze the synthesis of a specific protein induced by a hormone and to produce this induction by the application of the RNA fraction obtained from the target organ. Recently, two groups (9, 10) have reported that ovalbumin induced by estrogen is synthesized in a cell-free system with chick oviduct RNA as template. In estrogen-stimulated oviduct from immature chicks, avidin is not formed until a single dose of progesterone is administered (11) . Such administration results in an increase in the synthesis of RNA in the nuclear fraction of chick oviduct (12) , and in the proportion of ribosomes that sediment in a sucrose gradient as polysomes (13) . In addition, the template activity of chromatin and the nuclear RNA polymerase activity are elevated, with a simultaneous rise in avidin synthesis (12) . The finding that actinomycin D inhibits avidin synthesis suggests that new species of RNA are required for avidin synthesis in chick oviduct (14) . Analysis of the RNA by nearest-neighbor frequency and DNA-RNA hybridization techniques revealed that new species of nuclear RNA are induced by progesterone (12) .
In the present report evidence is presented to show that an RNA preparation obtained from chick oviducts that are stimulated with progesterone possesses the ability to synthesize avidin. The possibility that the RNA fraction might contain significant amounts of progesterone was excluded. A preliminary report of this study was presented (15 Nuclear Corp., Boston, Mass., was injected subcutaneously into 10 chicks. After 24 hr, RNA was obtained from oviducts and livers as described above. All of the radioactivity measured was assumed to be progesterone. The amounts of progesterone in oviduct-RNA and liver-RNA were 1.4 pg and 2.1 pg/500 jig, respectively. Radioactivity was determined by combustion of the samples in plastic bags; they were counted in a Packard Tri-Carb Liquid Scintillation Spectrometer, model 3375 (17) .
Intraluminal InstiUation of RNA. After 2-3 weeks of treatment with diethylstilbestrol, chicks were anesthesized with ether. The middle portion of oviduct was dissected free, leaving the peritoneal layer intact if possible to avoid infection. RNA solution was injected into the lumen of oviduct or shell gland with a 26-gauge hypodermic needle. The muscular layer and skin was sutured with 00-silk. Chicks were killed 24 hr after the instillation. The isthmus portion of the reproductive tract was discarded. Samples of oviduct and shell-gland were homogenized with a motor-driven Teflon pestle in a medium containing 70 mM KCl, 4 mM MgCl2, 70 mM NaCl, 20 mM phosphate buffer (pH 7.1). The homogenate was centrifuged at 2500 X g for 30 min. The supernatant was centrifuged at 105,000 X g for 2 hr. Avidin content of 2-ml aliquots of the 105,000 X g supernatant was determined.
Preparation of Tissue Mince. The oviducts of diethylstilbestrol-treated chicks were minced. The tissue mince (200 mg) was placed in sterilized vials containing 2 ml of biotinfree medium 199 (Difco Laboratories, Inc.). The vials were gassed with 95% air-5% C02, and incubated at 38°for 24 hr. The tissue and medium were processed as described above.
Avidin Assay. 10 pCi of D-[carbonyl-14C]biotin (20 Ci/mol, Amersham, England) in 0.5 ml of 0.2 M NH4HCO3 (pH 8.8)] was added to each sample, which was processed in duplicate as described by Korenman and O'Malley (18) . The sensitivity of the method is 0.01 Azg of avidin. The error of determination is within 1.6%.
RESULTS
Progesterone-treated oviducts contained 6.09 ± 1.55 ug of avidin per g, whereas the amount in diethylstilbestroltreated oviducts was undetectable by the method used. Table 1 shows the amount of avidin synthesized by chick oviduct 24 hr after intraluminal instillation of RNA. The instillation of 500 .ug of oviduct RNA obtained from progesterone-stimulated chicks induced significant synthesis of avidin. The response was greater when larger amounts of such RNA (2.5 mg) were instilled. It is noteworthy that after the RNA preparation was extracted six times with ether, it retained the capacity to induce avidin synthesis. However, treatment with ribonuclease completely destroyed the ability of RNA to induce avidin synthesis. Moreover, RNA obtained from oviducts of chicks stimulated only with diethylstilbestrol was unable to induce avidin synthesis. Furthermore, when 15 pg of progesterone was added to oviduct RNA from diethylstilbestrol-treated chicks and instilled into chicks oviduct, avidin synthesis was not induced. (15 pg of progesterone is about 10 times greater than the estimated amount that could be present in 500 ,sg of oviduct RNA chicks given progesterone.) Likewise, RNA isolated from the liver and shell gland of chicks stimulated with diethylstilbestrol or diethylstilbestrol and progesterone were unable to stimulate avidin synthesis.
A comparative study of the capacity of progesterone and of oviduct RNA from chicks treated with progesterone to induce avidin synthesis was done. The inducing capacity of 2.5 mg of such RNA was equivalent to about 10 jig of free progesterone. The content of progesterone in this quantity of oviduct RNA from chicks given progesterone, based on the assumption that all radioactivity counted was due to progesterone, was estimated to be about 7.0 pg or 2.8 fg/ug. It should be noted that in addition to the induction of avidin in the oviduct, a small but significant amount of avidin was induced in chick shell gland after oviduct RNA from progesterone-treated chicks was instilled into the oviduct or shell gland ( Table 2 ). Ribonuclease-treated oviduct RNA from treated chicks or RNA from liver or shell gland of treated chicks were inactive when instilled into the shell gland or oviduct. Table 3 shows the results of avidin synthesis by chick oviduct minces when incubated in vitro in biotin-free medium 199 with various RNA preparations for 24 hr. Only oviduct RNA from progesterone-treated chicks and free progesterone were capable of stimulating avidin synthesis. DISCUSSION
The results of this study suggest that progesterone induces the formation of messenger RNA for avidin in chick oviduct, Ovidtict mince in a total volume of 2 ml was incubated at 380 for 24 hr.
* All chicks were treated with diethylstilbestrol before RNA isolation.
